66                    The Treatment of Steel

They should be occasionally and carefully moved about in
the pan by the use of a small wood or iron rod, in order to
equalize the heat; the charcoal dust prevents the articles
from scaling so readily, and has a tendency to prevent the
rod bending them when moving them about in the pan.
When the articles arrive at the proper heat they may be
immersed in water or oil, or water with a film of oil upon
the surface, according to the degree of hardness required
in them.

A rod of good steel in its hardest state is broken almost
as easily as a rod of glass of the same dimensions, and this
brittleness can only be diminished by diminishing its hard-
ness ; and in this management consists the art of tempering.
The surface of the hardened steel is brightened, and it is
exposed to heat. As the heat increases there is a curious
and uniform change in the clear color of the surface. The
colors which appear upon the surface of the steel are sup-
posed to be the result of oxidation. The thickness of the
coat or film of oxide, if such it be, determines the color, and
the thickness of the coat depends upon the temperature to
which the work is exposed.

It is quite probable that these colors are the result of
oxidation; but the present state of my knowledge does not
enable me to prove that these colors would not appear if the
steel could be heated in a vacuum, a space unoccupied with
air, neither does the present state of my knowledge enable
me to prove that these colors are not due to the new ar-
rangement of the particles, quite independent of any chem-
ical change; but, let the cause be what it may, these colors
are a very useful index, for by them any degree of hardness
retained by the steel may be ascertained. The colors which